This paper presents a work whose objective is, first, to quantify the potential of the triticale biomass existing in each of the agricultural regions in the Madrid Community through a crop simulation model based on regression techniques and multiple correlation. Second, a methodology for defining which area has the best conditions for the installation of electricity plants from biomass has been described and applied. The study used a methodology based on compromise programming in a discrete multicriteria decision method (MDM) context. To make a ranking, the following criteria were taken into account: biomass potential, electric power infrastructure, road networks, protected spaces, and urban nuclei surfaces. The results indicate that, in the case of the Madrid Community, the Campiña region is the most suitable for setting up plants powered by biomass. A minimum of 17,339.9 tons of triticale will be needed to satisfy the requirements of a 2.2 MW power plant. The minimum range of action for obtaining the biomass necessary in Campiña region would be 6.6 km around the municipality of Algete, based on Geographic Information Systems. The total biomass which could be made available in considering this range in this region would be 18,430.68 t.
Introduction
The future of world energy depends on the progressive substitution of fossil fuels for renewable energy. Therefore, the issue of how to achieve an efficient and rational increase as far as possible in that energy is a topic of enormous interest.
The development of renewable energy from biomass, which has received support from the different administrations, is currently being expanded and is feasible from a technical and economic point of view. To be specific, in the Madrid Community, there is a high potential for biomass, related to the agricultural surface available, mainly in the regions in the south of the Community [1] .
Although there is a wide range of possibilities of new crops producing biomass, given their tradition in Spain, cereals are some of the most appropriate ones for obtaining biomass for heat or heat and electricity production [2] . All winter cereal species are susceptible to being used in energy production, mainly wheat, barley, triticale, oat, and rye. Although some are more favorable than others for energy use, triticale, oat, and rye are the species with the lowest harvest indexes (grain biomass/total biomass), which makes them more apt for using their integral biomass for producing energy. Of the three, triticale is the species with the best biomass productivity indexes.
Simulation models constitute a tool which makes use of information obtained through previous experiments, and they permit the projection of physical and economic results, taking into account all the factors interacting in a certain environment. Compared to the variability and complexity of the current production systems, simulation models have been presented as an alternative to be employed in future scenarios [3] . The most complex models enable one to carry out a yield sensitivity analysis based on different factors, combining different types of soil, climate, cultivation, and management. Most of the model applications are related to management aspects such as fertilization or irrigation strategies, sowing dates, or crops with a different cycle, which have to be assessed in accordance with a historical series of climate data.
Mathematical Problems in Engineering
A regression analysis is a statistical technique for the modeling and investigation of the relationship between two or more variables, and it has been used for a reasonable amount of time for the estimation of the production of different crops [4, 5] . A simple linear regression expresses the relationship between a dependent and an independent variable in terms of the slope and the intersection of the line which best fits the variables, whereas, in the multiple regression, the possible relationship between several independent variables and another dependent variable is studied. For the estimation of cereal yield, the dependent variable would be the biomass production and the independent ones the climatological data (such as temperature, radiation, or precipitation), soil, fertilization, irrigation, and so forth variables.
Pertaining to the establishment of bioelectricity plants based on triticale biomass in the Madrid Community, a multicriteria decision method has been used to determine the best region. The best location in this area has been established using Geographic Information Systems, which were acquired by inputting some geographical restrictions.
Geographic Information Systems (GIS) have been used to determine what there is in a certain location, find suitable land for a specific purpose, establish the temporal differences in a particular place, and carry out statistical distributions and modeling to make an analysis of the territory using decisionmaking processes [6, 7] . Among the latter, multicriteria decision methods (MDMs) are powerful mathematical tools, which can be used as models for the evaluation and combination of variables. They are based on the analysis, discussion, and ranking of alternatives with the aim of offering solutions to problems [8] . The alternatives analyzed by the MDMs can be infinite when they are defined by a set of feasible solutions of a continuous mathematical nature (continuous multicriteria methods), or finite, normally in not a very high number (discrete multicriteria methods).
This work has studied, by means of GIS and MDM, the potential production of triticale biomass in the Madrid Community and the possibility of using it for the electricity production in each of the six agricultural regions.
Methodology
The purpose of this work was, first, to quantify the triticale biomass potential in each of the six agricultural regions of the Madrid Community and, second, to define which of them offers the best conditions for the installation of electricity plants powered by biomass. It was also aimed at determining the most suitable location for a bioelectricity plant in the area with best conditions. A work methodology, whose flow diagram is shown in Figure 1 , has been designed to cover the following stages.
(1) Determining the surface potentially usable for the triticale crop.
(2) Generating a biomass production model for the triticale crop. (4) Making a multicriteria analysis to define the region with the best conditions for the installation of bioelectricity plants.
(5) Performing a GIS analysis for the determination of the most suitable location for a bioelectricity plant in the region considered.
Surface Available.
It was aimed at assessing the agricultural surface which could potentially be devoted to cultivating triticale for the production of biomass in each of the regions in the study area, establishing a scenario which represents a percentage of the employment of the rainfed fallow surface.
Model for Triticale Biomass Production.
The assessment of the potential production of triticale biomass in the agricultural regions available in each municipality was carried out through a production model or function which relates the climate variables and the known production of cereal crops. This model represents the expected potential production in each region.
To set up this model, regression and multiple correlation techniques which quantify the statistical association between two or more variables were used.
To develop the biomass production model, first a grain production model was generated on the basis of trials or estimations carried out in the Madrid Community, and, subsequently, the biomass/grain ratio was calculated in accordance with a pilot experiment carried out in the ETSIA Practice Fields.
Grain Production Model.
To develop this model, a relationship between the mean grain production data from the trials and the climatological variables measured in the area of each trial (mean temperature and total rainfall in the period) was established. Only climatological variables were employed due to triticale having a small root system, and to considering that fallow land is apt for growing cereals.
Values from trials on triticale grain yield used were compiled in "Encuesta de The climate data for setting up the model were obtained at the "Agencia Estatal de Meteorología" (AEMET). The data were mean temperature and total rainfall from October to June during the corresponding cropping years from the weather stations with data closest to the sampled trials of triticale grain yield.
For the particular case of this work, multiple regression logarithmic curves for the development of the models (with the aim of controlling the production and so that it did not shoot up for extreme climatological values) were employed; the equations were considered to have a good correlation when the determination index (
2 ) was found in the interval between 0.8 and 1 [9] . The tool used for the regression obtainment was Microsoft Excel 2010.
First, it was necessary to normalize the climatological data in order to be able to enter dimensionless values in the model. As a base for the normalization of the temperature the value 9.9 was taken, and for the rainfall, 496.7. Those values corresponded to the municipality average in the Madrid Community for a series of 30 years from October to June and were supplied by the AEMET.
Average estimation data grouped per cropping season and weather station were used. To enter the data in the model, it was considered that it was the rainfall rather than the temperature that exerted a double influence.
Obtainment of Biomass/Grain Ratio.
To perform the experiment, four varieties of triticale were selected: Amarillo, Trujillo, Collegial, and Bienvenu.
It was aimed at obtaining the total biomass/grain of the different triticale varieties submitted to two different rainfall regimes. For this purpose, 24 containers were prepared, 12 for each type of irrigation, and, within each irrigation group, 3 replications for each variety were carried out.
The experiment was performed in containers measuring 60 × 42 × 40 (cm) so that the surface of each one was 0.252 m 2 .
Potential Triticale Biomass Production.
Starting from the surface available and the triticale biomass production model, it was possible to quantify the biomass potential at a municipality level in the study area based on the triticale crop. The electrical output that is desired at each plant is 2.2 MW. According to the Natural Electric SA company, using a natural circulation boiler tube, with a mobile grille of alternative movement, a working pressure in the boiler of 42 bars and a maximum continuous steam production of 11,000 kg/h, and a twin turbine running with a double radial stage and an axial stage and, finally, an electric generator of 2.630 kVA, 6.6 kV, and IP 44R, the expected performance could be 8,000 hours per year with an efficiency that varies between 21 and 22%. Therefore, the gross electricity production will be 17,600 MWh yearly (the net production will be somewhat less due to auxiliary charges).
The amount of biomass required will depend on the lowest calorific power (LCP) upon arrival at the plant, which will be measured by its moisture content. The biomass should not be placed in the boiler at over 30% moisture, although, for this work, only dry triticale biomass is considered. Efficiency ranges from 21 to 22%, so the intermediate value (21.5%) has been used for the calculations.
The procedure for calculating the biomass necessary ( ) was the following ( being expressed in tons of m.s., LCP in kcal/kg and in Mwh):
(1)
In the case of dry triticale biomass, a LCP of 4,060 kcal/kg was considered [10] , so that a minimum of 17,339.9 tons will be needed to satisfy the requirements of each of the power plants.
Only the potentially usable biomass from those municipalities whose centroids are included within the established radius of action will be computed. This is because, for its collection, some storage centers adjacent to the urban nuclei of each of them have been planned. The optimal area for the location of the power plants will be the surface within the suitable areas corresponding to the municipality, whose surroundings will be considered as being their range of action.
Multicriteria Analysis for the Determination of the Region with the Best Conditions for Bioelectricity.
In this stage, a multicriteria analysis will be carried out to determine which region enjoys the best conditions for the installation of bioelectricity plants. For this purpose, a group of regions was considered and each one evaluated according to acceptability criteria.
The proposed methodology, based on compromise programming in a discrete multicriteria decision-making context, will involve defining an index of acceptability that aggregates the different acceptability criteria attached to each of the considered agrarian regions. Therefore, the n potential alternatives can be ranked according to their overall acceptability.
It should be noted that, in order for the proposed methodology to be of interest, the aggregate acceptability index should satisfy some common-sense properties, such as the following.
(a) Since the number of agrarian regions and indicators of acceptability in many real world situations can be high, the index calculation procedure should be simple.
(b) The interpretation of the index should be clear and straightforward.
(c) The index should represent a good balance between very wide-ranking criteria.
The first step in determining the aggregated acceptability indicator, given that the acceptability indicators are mostly measured in different units, is to normalize the different evaluations reached by the districts considered. A simple and pragmatic normalisation procedure successfully used in another context [11] is as follows:
where = evaluation reached by the th agricultural area ( = 1, 2, . . . , ) when it is evaluated with respect to the th 4 Mathematical Problems in Engineering acceptability criterion ( = 1, 2, . . . , ). * = ideal value of the th acceptability criterion. This value is given by the maximum evaluation if the criterion is of the "more is better" type (e.g., the biomass potential) or by the minimum evaluation if the criterion is of the "less is better" type (e.g., the protected natural spaces surface). * = the anti-ideal value of the th acceptability criterion. This value is given by the minimum evaluation if the criterion is of the "more is better" type or by the maximum evaluation if the criterion is of the "less is better" type. = normalized evaluation reached by the th region when it is evaluated with respect to the th acceptability criterion.
It is worth noting that, with the normalization used, the normalized values are dimensionless, positive, and limited between 0 (when the district reaches the worst value) and 1 (when the district reaches the best value), respectively. Also, for this normalization system, 1 and 0 are elements of R m , namely, components vectors defined by
where the ideal vector is equal to 1 and the anti-ideal one is equal to 0, which is very convenient for understanding any possible aggregation.
Computing the vector of the acceptability criteria weights = ( 1 , 2 , . . . , ) ∈ R m . It is proposed to obtain this by applying columns' aggregation method, to the squared matrix : ( ), of the order , positive ( ∈ R/ > 0), of diagonal elements one ( = 1), reciprocal ( , = 1) and generally inconsistent ( ̸ = , ), which is obtained when comparing pairwise, employing the Saaty numerical scale [12] [13] [14] [15] [16] [17] , the acceptability criteria considered.
Taking this into account and considering the algebraic properties of the matrices of the pairwise comparison to be "consistent, " it is proposed to obtain an estimate of the weights vector w by applying the following calculation scheme [18, 19] .
(a) Normalization of the pairwise comparison matrix dividing each of its components by the sum of the elements of the column to which it belongs. By doing this, matrix is obtained, in which the sum of the elements of each column is equal to one.
(b) Calculation of the components of the vector which approximates the weights vector w as the arithmetical mean of the elements situated in each row of the normalized matrix .
(c) Validation of the consistency, through the so-called consistency ratio (R.C.).
To carry out the latter, taking into account that, if the pairwise comparison matrix of order of positive diagonal elements one and reciprocal is not consistent, it holds that its dominant eigenvalue max ≥ is equal if, and only if, is consistent, a coefficient (C.I. = consistency index) will be defined given by
where
th component of w vector th component of w vector (5) which will be employed to measure the degree of consistency of the value judgments emitted by the decision-maker when constructing the pairwise comparison matrix of the acceptability criteria. The nearer to zero the C.I. value, the better the global consistency of the matrix; in fact, if the matrix is consistent, it will be verified that C.I. = 0.
Calibrating the coefficient C.I. making use of the coefficient C.I.A. (= random consistency index), obtained by simulation with random matrices of the same order, gives the so-called consistency ratio:
Verifying that, if R.C. ≤0.1, the degree of consistency of the pairwise comparison matrix is acceptable, but if R.C. >0.1, some serious inconsistencies may arise and it is recommendable to revise the value judgments emitted by the decision-maker when constructing the matrix.
Knowing the values and , = 1, 2, . . . , , = 1, 2, . . . , , to establish the aggregate acceptability index , = 1, 2, . . . , , of each of the agrarian regions considered, it is necessary to define in R m a function "distance between the vector of normalized values" reached by the th region P = ( 1 , 2 , . . . , ) and the ideal vector 1 = (1, 1, . . . , 1) . With this aim in mind, the following distance functions are introduced:
The first expression defined adds the normalized and weighted proximity degrees of all the acceptability criteria considered at their ideal value, proving that, as metric increases, more importance is given to the larger deviations, whereas the second expression is limited to finding the maximum normalized and weighted degree of proximity of all the acceptability criteria at its ideal value.
Specifying metric in (7), the aggregate acceptability index value for the th agrarian region will be given by the following expression:
Having calculated the aggregate acceptability indicator of the areas considered to make their hierarchical ranking, the following axiom of choice will be used: "The alternatives nearest to the ideal alternative are preferred to the alternatives furthest away from it. "
This conductual axiom, introduced in the decision theory of Zelany in 1974 [20] , is a behavior postulate firmly rooted in psychology, which permits taking into account the preferences of the decision-making center and ranks hierarchically the different possible alternatives.
The application of Zeleny axiom to the whole of the aggregate acceptability index , = 1, 2, . . . , , obtained by applying (8) to each of the agrarian regions considered, will permit the obtainment of their hierarchical selection order. Acting in this way, the first district in the hierarchy will be the one with the lowest aggregate acceptability indicator (i.e., the district which minimizes the distance between the vectors P and 1 defined previously).
To calculate in a computationally simple way , defined by the generally nonlinear formula (8) for any value of the metric , it is proposed to use the following convex linear combination [21, 22] :
for values of ∈ [0.1].
Specifying the value of in (9) and considering (7) give
In expression (10), analogically to in (8) , is a control parameter, which not only permits one to obtain different hierarchical rankings of the districts but, most importantly, enables the manifestation of different preference structures from the decision-making center with respect to their ranking.
"The most acceptable region" for = 1 is the one with the best aggregate characteristics, namely, the district which maximizes the weighted sum of the accomplishment of the acceptability criteria. This additive solution is "the best" in aggregate terms but it may be unacceptable in practical ones. Actually, a large aggregate average may be compatible with a poor evaluation of any one of the criteria, which may make the region in question ineligible in selection terms.
"The most acceptable region" for = 0 is the one for which the deviation of the criterion most displaced from its ideal value is minimized. Therefore, the region which maximizes the equilibrium between the achievements of the different acceptability criteria considered is "the best one. "
Taking into account these considerations, in the application of the methodology proposed, it is recommended to give a value belonging to the open interval (0, 1), which obtains good aggregate and balanced characteristics for the region in carrying out all the acceptability criteria considered.
GIS Analysis for the Localization of the Agroindustry.
The development of the last stage of the methodology will determine the optimal site for a small biomass power plant (2.2 MW) in each of the agrarian regions making up the study area, provided that the necessary biomass potential exists there.
This process, carried out by using Geographic Information Systems, consists of two steps.
(1) A diagnosis of the suitable areas for the location of bioelectricity plants based on a series of preestablished criteria.
(2) The determination of the municipality within each agrarian region around which a low range of action is necessary for the obtainment of the total biomass required to supply a 2.2 MW plant.
Application of the Proposal Methodology to the Madrid Community

Potentially Available Surface.
It is to calculate the potentially usable surface, a scenario in which 50% of the rainfed fallow land is considered to triticale cultivation.
Setting-Up of the Triticale Biomass Production Model.
This means the generation of a model resulting from the combination of the biomass/grain ratio and a grain yield model based on climatological data. Table 1 details the grain yield estimated in kg/ha and the location of the trials.
Grain Production
To obtain the models, multiple regression logarithmic curves were used and it was established that, for the equations to be valid, the determination index ( 2 ), which shows the percentage of the variability of the data, had to be higher than 0.8 in each case.
After analyzing the triticale grain yield data with respect to its normalized climate variables, the yield model in tons per hectare was obtained:
Triticale grain yield (t/ha) = 2.4495 * ln (TN + 2 * PN) + 2.6103.
The determination index ( 2 ) for grain yield model was of 0.9804, so that the characteristics desired were fulfilled.
To calculate the triticale grain yield at a municipality level, the normalized average of a climatological series of 30 years provided by the AEMET was used.
Biomass/Grain Ratio.
To calculate the biomass production of the triticale varieties, two of the three replications of each variety for each type of irrigation were employed. This harvest was made when the grain was in a semihard state. With the third replication of each triticale variety for each irrigation type, a second harvest was carried out at the end of the dry grain state. The aim of this second harvest was to determine the grain yield and establish the biomass/grain ratio of each of the varieties. The results for each type of irrigation are indicated in Tables 2 and 3 .
The average biomass/grain ratio for triticale was of 2.595. According to the trials carried out in the Madrid Community by the Agroenergy Group of Polytechnic University of Madrid in the municipalities of Quijorna and Daganzo de Arriba and in the practice fields of the ETSIA during the cropping seasons 2009-2010 and 2010-2011, collected in the PSE On Cultivos [23] , the average biomass/grain ratio for the triticale varieties was of 2.633. Thus, the value obtained in the experiment, despite only having been developed during one cropping season, was considered as being acceptable for entering in the triticale biomass production model.
Biomass Production Model.
By associating the average biomass/grain ratio obtained in the experiment with the grain yield model, the model for biomass production in tons per hectare of triticale (where TN = normalized mean temperature and NP = normalized accumulated precipitation) can be determined:
Triticale biomass production (t/ha) = 2.595 * [2.4495 * ln (TN + 2 * PN) + 2.6103] .
(12)
Potential Triticale Biomass Production.
Starting from the surface available and the triticale biomass production model, biomass potential at a municipality level in the Madrid Community can be quantified on the basis of the triticale crop.
It is planned to store the biomass in collection centers adjacent to the urban nuclei of each municipality, from where it can all be transported faster and more efficiently.
Multicriteria Analysis for the Determination of the Agrarian Region with the Best Conditions for Installing the Power
Plants. It is aimed at defining the agrarian region with the best characteristics for the installation of electricity plants powered by biomass. For this purpose, the different alternatives and criteria have to be defined.
Alternatives: these will be the six agrarian regions of the Madrid Community (Área Metropolitana, Campiña, Guadarrama, Lozoya-Somosierra, Sur Occidental, and Vegas), shown in Figure 2 .
Criteria, described from greater to lesser importance, 3 of which are favorable (the maximum value is of interest), 4 are limiting (the minimum value is awarded), and one is exclusionary [24] :
. This is the most important criterion. Imposing limitations whereby a plant must be situated near the extraction area of the raw material mean that, similarly, in turn, both the surfaces where it is possible to place the facilities and that potential will increase. Furthermore, a greater potential would permit the power generation of a hypothetical plant to be enhanced. This is a favorable criterion. when distributing the power generated by the plant. The better the electricity network available, the lower the costs of investing in infrastructure for that distribution will be, which facilitates the siting of the plant. This is a favorable criterion.
(iii) Road Network (Km/Km 2 ).
A good communications infrastructure signifies a reduction in the costs of the energy and increases the surface accessible for the collection of the raw material, thus enabling the use of a larger amount. This is a favorable criterion.
(iv) Water Availability. This criterion will not, in principle, establish dominance relationships between the different alternatives since the water required by this type of installation practically functions in a closed circuit, so that a greater availability than the minimum required is of no advantage. This criterion will therefore generally be exclusionary: if any of these alternatives does not present a feasible way of obtaining the necessary volume of water it will automatically be eliminated. After analyzing this fact in each of the agrarian regions, none of them have been excluded for that reason.
(v) Protected Natural Spaces (% of Protected Surface).
Another way of introducing the environmental component into the study is by penalizing those alternatives which are of an important environmental wealth, so that the impact of installations such as those described will be as low as possible. This criterion is a limiting one.
(vi) Urban Nuclei (% of Urban Surface).
The surface occupied by urban nuclei will not be considered as being apt for the installation of biomass power plants. This is a limiting criterion.
(vii) Plants Installed (Number of Stations/Km
2 ). The presence of some type of plant powered by biomass in any of the agricultural regions could diminish the amount of biofuel available for a newly built one. This circumstance may be used to penalize the regions with any initiative already in force. However, if there are no such installations, this criterion will not establish any dominance relationships. This would be a limiting criterion.
(viii) Slope of the Land. To set up the plant, the area must not have a very steep slope. This is a limiting criterion.
Since the multicriteria analysis will be made in agricultural regions, it is reasonable to predict that in each of them there is some land with a suitable slope for the installation of the plant, so that the slope criterion will not be taken into account. Neither the water availability criterion nor that of the plants installed will establish any dominance relationships, so that finally 5 criteria will be used to carry out the study: To apply the methodology proposed, each of the criteria has to be quantified in the regions with the aim of enabling the ranking of the different alternatives. To carry out this process, digital mapping treatment through Geographic Information Systems will be resorted to.
GIS Analysis for the Location of a Bioelectricity Plant in the Best Agrarian Region of Madrid Community.
To determine the best site for a small (2.2 MW) biomass plant in the region with best assessment, a process is followed in two stages. (e) The plant's distance from the road network cannot be over 1.5 km.
(2) Determination of the lowest range of action for obtaining the total biomass necessary to supply a plant of 2.2 MW in the region considered.
Once suitable areas for installing the bioelectricity plants in the Madrid Community have been localized, the municipality around which a lower range of action is needed to obtain all types of the biomass necessary to supply the plant should be determined in the region considered.
Only the potentially usable biomass from those municipalities whose centroids are included in the range of action will be computed, since for its collection storage centers adjacent to the urban nuclei of each of them are planned.
The optimal area for the location of the plants will be the surface within the suitable areas corresponding to the municipality around which the range of action will be fixed.
Results
Hierarchization of the Regions.
Applying the methodology proposed, the following results are obtained.
The six agricultural regions will be ranked according to the value reached by their aggregate acceptability indicator. With regard to the potential biomass criterion, values associated with the utilization of 50% of the rainfed fallow land for each of the regions are employed. Table 4 shows the evaluation , = 1, 2, . . . , 6, = 1, 2, . . . , 5, reached by each of the regions when they are evaluated following each of the five acceptability criteria considered. Table 5 shows the normalized evaluation , = 1, 2, . . . , 6, = 1, 2, . . . , 5, reached by each of the six regions when they are evaluated according to each of the five acceptability criteria considered. It should be remembered that, in this context, zero denotes "the worst" value (the anti-ideal one) whereas 1 denotes the "best" value (the ideal one).
Also, it is assumed that matrix (of positive elements, diagonals one, reciprocal and inconsistent) of the pairwise comparison of the acceptability criteria considered is ) .
Calculating the average of each row of matrix , an estimation is obtained of the weights vector w whose components are as follows: 
With these data, by applying the Zeleny axiom to the set of values , = 1, 2, . . . , 6, obtained from (10) for In this study, the calculation of the aggregate acceptability index and the hierarchical ordering of the regions was done for = 0.5 (Table 6) , which is the average value between the maximum aggregate evaluation ( = 1) and the maximum balanced evaluation ( = 0). Figure 3 shows the final surface available in the agrarian regions of the Madrid Community for the location of plants powered by biomass, based on the criteria established.
Location of Plants by GIS.
In this section, the results of the biomass plant installation in the region with the best evaluation in the multicriteria analysis are given: Campiña.
The minimum range of action for obtaining the necessary biomass would be 6.6 km around the municipality of Algete and would comprise the centroids of the municipalities of Cobeña, Daganzo de Arriba, Fuente el Saz de Jarama, Valdeolmos-Alalpardo, and Algete itself. The potentially usable biomass using 50% of the rainfed fallow land in the Campiña region would be allocated as follows ( The total biomass which could be made available in considering this range would therefore be 18,430.68 t.
Conclusions
The triticale productivity model developed in this work is a good example of the yields obtained in the trials carried out in different areas of the Madrid Community.
On making a hierarchical ranking of the agrarian regions of the Madrid Community for = 0.5 (seeking a balance between the maximum equilibrated and aggregate evaluation), the Campiña region is the most suitable for the installation of electricity plants powered by triticale biomass on the basis of the criteria of biomass potential, electricity infrastructure, road networks, protected spaces, and urban nuclei surface. Lozoya-Somosierra and Guadarrama are the worst considered. The methodology developed could be perfectly applied to other areas at the same latitude and with similar climatology.
To satisfy the requirements of a bioelectricity plant of 2.2 MW, a minimum of 17,339.9 t of triticale would be necessary. The results obtained when determining the most suitable location of this type of plant in Campiña region are municipality of Algete and a range of action of 6.6 km for the obtainment of necessary biomass (18,430.68 
t).
If a larger power plant had been chosen, the action radius would increase considerably and this would lead to logistical problems and also a fee reduction per kWh produced. 
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